Characterizing the resistance of mesh filters, in terms of the pressure drop as a function of flow velocity, is an important part of modeling any filtration process. Most commonly, filters are characterized experimentally, which can be costly and time consuming. This motivates the need for a generalized numerical approach for characterizing the resistance of mesh filters based on the flow through a representative segment of the filter. There is uncertainty, however, in the correct specification of boundary conditions such that the numerical results for flow through the small segment match the overall behaviour of the filter. In this work, an experimentally validated numerical approach is developed by examining the velocity and turbulence intensity experienced across the filter. It has been shown that the flow resistance results are not sensitive to the turbulence intensity, but depend greatly on the imposed flow velocity. Specifying the peak velocity as the boundary condition in the filter simulations resulted in a good match with experiments, while using the bulk velocity was not able to reproduce the experimental results.
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29
Pressure transducers are placed before and after the mesh filter to measure the pressure 30 D r a f t differential, while a flow meter is used to determine the volumetric flow rate through the 31 experimental apparatus. The data is then used to calculate the resistance coefficients. The 32 experimental technique can, however, be costly and time consuming.
33
Another approach for investigating flow phenomena in porous filters is the use of com-34 putational fluid dynamics (CFD), which can be faster and less expensive than experiments.
35
Sun et al. (2015) proposed a method for characterizing the pressure across wire filters. They 36 described three models: (i) a three dimensional model that resolved the true geometry of the 37 wire weaves (ii); a simplified three dimensional model with interwoven, orthogonal wires and 38 (iii) a simplified two dimensional model using only horizontally placed wires. Using these 39 three models, Sun et al. (2015) found good agreement between experimental data and nu-40 merical predictions. They also found that the simplification of the mesh geometry had little 41 effect on the pressure drop across the varying meshes while greatly reducing computational 42 time. However, an issue arises when attempting to apply the two dimensional model to other 43 mesh types. Given that there is inherently an infinite pore size when there are no vertical 44 threads, there is no clear method for incorporating the thread spacing for a given mesh. This 45 then means an experiment needs to be run for each mesh that needs to be characterized.
46
Also, the boundary conditions implemented in this study were not clear, motivating further study of this aspect. where the screen permeability and inertial factor were calculated using various empirical 54 correlations. It was found that the porous jump did significantly reduce the computational 55 time, as the porous jump can reach grid independence with a very coarse mesh. However, 56 depending on the method for calculating the permeability and inertial factor, the results, 57 when compared to the 3-D (which matched experimental results very well) and experimental 58 data, ranged from very good to very poor. This range of results depended on the knowledge 59 the modeler had of the screen, for example, knowing the correct thickness ratio between the 60 D r a f t filter and the porous jump modeled. Therefore, depending on the application and screen 61 type, experiments may still need to be done to determine the correct empirical correlations 62 for the permeability and inertial factors used in the porous jump model.
63
The present study proposes a generalized method for efficiently determining the pressure 64 drop across mesh filters using CFD simulations on a representative segment of an idealized 65 filter geometry. First, the flow in the inlet section that leads up to the filter is computed and 66 examined in terms of the dimensionless velocity and turbulence intensity profiles. This data 67 is then used to develop boundary conditions for the representative filter segment. It will be 68 shown, using experimental data for validation, that the peak velocity should be used as the 69 boundary condition in the filter simulations. 
Theory

71
The pressure drop across a porous medium is described by Darcy's law, given as
where ∆P is the pressure differential, L is the thickness of the medium, µ is the dynamic 
where ρ is the fluid density and C f is a constant that depends on the pore geometry. The 83 resistance term, R, in Eq. 2 can also be modified to show the same quadratic dependence,
84
by writing as
where a and b are referred to as resistance coefficients.
86
Experimental Methods
87
A schematic diagram of the experimental setup is given in Fig. 1 . A centrifugal pump attached to another portion of soft PVC tube that directed the water into an 80 L reservoir.
97
The flow rate was measured by timing water flowing into a fixed volume, then weighing the 98 water afterwards.
99
A Gould NPE 1HP pump was used to provide a consistent flow over a wide range of nominal pore size are given in Table 2 . volumes to achieve grid independence, the simulation time would be excessive. Therefore, it 126 is more sensible to consider a representative part of the filter, assuming that the number of 127 pores is large enough that the effects of the pipe wall are minimal.
128
Therefore, the mesh filter was modeled using a single, spatially periodic pore. is hypothesized that their effect on the pressure drop is negligible, it was assumed that they 143 all average out to the idealized geometry shown in Fig. 3(a) . This is a common approach 
∂(ρu
where u i and P denote the time-averaged velocity vector and time-averaged pressure, respec- tensor. The laminar stress tensor, τ ij , is given as
In order to close Eq. 
The Reynolds stress term is modelled using the Boussinesq approximation, given as
where µ t is the eddy viscosity, k is the turbulent kinetic energy, and δ ij is the Kronecker 167 delta. The turbulent eddy viscosity is computed as
The definition of the turbulence production, G k and the values of the remaining turbu- 
Meshing was done using ANSYS Meshing and a grid independence study was done to
192 ensure results did not change by more than 1% between subsequent grids, as shown in Table   193 3. The fine grid was used for all subsequent calculations. The discretization methods chosen
194
for the simulations can be found in Table 4 . 
where u * is the dimensionless velocity at a given location, u is the measured velocity at a
203
given location, and U is the bulk inlet velocity. do not collapse onto a single curve. However, it is shown that the turbulence intensity is 210 generally bounded between 5% and 10% for all radial locations within the pipe. Therefore,
211
it is anticipated that a single uniform value of turbulence intensity may be suitable, provided 212 the pressure loss is not strongly affected by the inflow turbulence intensity. Table 7 show that the inlet turbulence intensity has little affect on the predicted 232 pressure drop across the mesh filter, over the range of intensities considered. This result is 233 expected due to the high turbulence production within the filter region. Therefore, the inlet 234 turbulence intensity was held constant at 5% for all subsequent calculations.
235
It can be seen in Fig. 4 that the velocity experienced by a mesh filter contained within a 236 pipe is generally bounded between 0.9U and 1.2U for the majority of the pipe radius, apart 237 from the narrow region very near the pipe wall. This transition range from 0.9U to 0 covers 238 a small area and therefore contributes little to the pressure drop across the mesh filter.
239
Therefore, a sensitivity analysis on the inlet velocity imposed on the representative filter 
Comparison of Numerical and Experimental Results
250
Knowing that the inflow turbulence has minimal effect on the pressure drop results and 
267
In any case, these results are found to be quite acceptable, since they are within the vari-268 ability of the experimental data. Therefore, it is concluded that the proposed CFD-based 269 approach can be used to accurately compute the pressure drop across mesh filters using a 270 highly idealized weave pattern.
271
As expected, the pressure drop follows a quadratic trend with respect to fluid velocity, 
